Background. Primary care test requests for serum immunoglobulins are rising rapidly, with concerns that many requests may be unnecessary. Evidence suggests some characteristics of general practitioners (GPs) and practices are associated with higher test ordering. Objective. To identify the physician and practice characteristics associated with immunoglobulin test ordering. Methods. Retrospective, cross-sectional study using routine laboratory data on primary care serum immunoglobulin requests. Data were linked with GP patient list size data. The primary outcome measure was the count of test requests per GP. Predictor variables were physician gender, years experience, practice region and type (number of GPs), GP patient list size and composition. Mixed-effects multilevel regression models were used to calculate incidence rate ratios (IRRs) with 95% confidence intervals (CIs) for the associations between physician and practice characteristics and GP requesting. Sensitivity analysis was performed by limiting the model to the more than 70 years age category. Results. In total, 5990 immunoglobulin tests were ordered by 481 GPs in the South of Ireland during 2013. The number of tests ordered by individual GPs varied from one to 377. In the final fully adjusted Poisson regression analysis, female gender (IRR: 1.81; 95% CI: 1.45-2.26) and less experience (IRR: 2.27; 95% CI: 1.47-3.51) were associated with higher requesting (P < 0.001). None of the practice factors were associated with test ordering. Sensitivity analysis on the 70 years or more age category found similar results. Conclusion. Further research is required to explore the potential reasons for higher requesting among GPs with fewer years of experience and also among female GPs.
Introduction
Laboratory testing is the single highest volume medical activity in healthcare and demand is rising year on year in many countries (1) (2) (3) . General Practitioners (GPs) initiate an estimated 50% of all requests (4) , while approximately 30% of all primary care patient visits in the US result in a laboratory test order (5) . Over the past 20 years, the number of new laboratory tests available to GPs has increased rapidly (5) . The volume of orders from GPs has also risen significantly for the most commonly ordered tests (3) . Given the increasing financial pressure on health systems, judicious laboratory testing is imperative. A better understanding of the determinants of GP test ordering is necessary, as evidence suggests that between 25% and 40% of all test orders are unnecessary (6, 7) . Differences in test ordering patterns of GPs has been linked to both physician and practice level characteristics (8) . At the physician level, higher test ordering has been reported in female GPs (9, 10) and GPs with less medical experience (11) . At the practice level, both practice type and practice setting have been linked to GP test ordering patterns. Those in group practices have been shown to order significantly fewer tests than GPs in single handed or two-person practices (12) . Working in an urban practice has been positively linked to higher test ordering (10) . However, previous research has not considered the interaction of physician and practice factors in a multilevel model. Existing literature also does not account for individual GP patient list size or the composition of lists.
This study focuses on a low volume test, serum immunoglobulins, which poses a significant challenge to GPs (13) . Moreover, a local audit of one year of serum immunoglobulin test requests found that these tests were ordered for screening in many instances rather than for suspected plasma cell dyscrasias (myeloma, lymphoma, chronic lymphatic leukaemia, heavy chain disease, and amyloidosis) or investigation of causes of immune deficiency (14) . Depending on the condition (e.g. myeloma), serum immunoglobulin tests were also ordered periodically to monitor disease progression (14 Immunoglobulins are particularly problematic in primary care (13) . High levels are a feature of many clinical conditions in older patients, but their greatest diagnostic value is in specific haematological disorders such as myeloma and lymphoma. Unfortunately, clinical features of these disorders can be vague and non-specific and overlap with the symptoms of a wide range of other conditions. Thus, in older patients, immunoglobulin testing is probably best undertaken as a second-line investigation where there are other tests (such as a full blood count) which indicate the possibility of a blood dyscrasia. Knowing when to order immunoglobulins can be challenging for GPs and may require a clinical judgement in the context of non-specific clinical features. Interpretation of test results is also difficult and often requires specialist input (13) . In particular, the rarity of the conditions that immunoglobulins are aimed at, suggests that factors such as GP gender, medical experience and practice setting or number of GPs at a practice are all likely to be important drivers of using this test (13) . To date, no research has been carried out on physician and practice level predictors of serum immunoglobulin testing.
The aim of this study was to identify the relationship between physician and practice characteristics and the volume of serum immunoglobulins requested among GPs in the South of Ireland, adjusting for the size and composition of GP public patient lists.
Methods

Study design and population
We conducted a cross-sectional study using one year (2013) of routine laboratory data to analyse the determinants of serum immunoglobulin test requests. The study was conducted in 2 adjacent counties (Cork and Kerry) in the South of Ireland which have a combined population of 664 534. All serum immunoglobulin analyses for these counties are processed at Cork University Hospital (CUH) and all GP test requests for the region are captured in our study.
Variables
The dependent variable was the 2013 count of immunoglobulin test requests per GP. Information about the number of publically funded patients cared for by each GP was also included in the model. This was used as a proxy for clinician workload and was used to make the request volumes of different GPs comparable. We also included the age and gender composition of publically funded patient lists in our model as the conditions associated with serum immunoglobulins are more common in older and male patients (15) .
Physician characteristics
At the physician level, we collected data on the following predictors of test ordering, the GPs' gender and their medical experience (years since graduation). The number of years since the GP graduated with their medical degree was used as a proxy for the GPs clinical experience as per previous research (11, 16, 17) .
Practice characteristics
Practice level variables were the practice setting (urban, rural) and type of practice (single handed, 2-4 GPs or >4 GPs). Rural is defined according to Irish census data as areas with no population centre above 1500 people, with a population density below 150 per square km, and which are not part of an urban district (18) . The number of GPs practising at a given practice was used to describe the practice type as per previous research (12) .
Data collection and cleaning
Immunoglobulin test order counts and data about GPs and their practices were extracted for 2013 using Cognos Impromptu software to interrogate the hospital's APEX laboratory system. The data fields requested were: request date, specimen number, test code, patient age, and gender, requesting GP, the location of test request, GP gender, surgery name, and address. The extracted data were exported from Cognos using Excel and imported into Stata v12 for analysis.
Data on GP list size and the gender and age composition of these lists were obtained from the Health Service Executive Primary Care Reimbursement Scheme (HSE-PCRS). In Ireland, patients under a certain income level and more than 70 years of age, are entitled to free health care through the General Medical Services (GMS) scheme. Those participating in this scheme are reimbursed by the HSE-PCRS for a range of services they provide to these patients. Information held in the HSE-PCRS database is retrievable at individual patient level using the GPs unique Medical Council record number. This number was used to merge HSE-PCRS data with the immunoglobulin laboratory data extracted at CUH. In 2013, 498 GPs were contracted to the GMS in the Cork-Kerry region and were registered to receive reimbursement for providing services to 265 000 eligible GMS patients (19) . Of these patients, 54 988 were over 70 years of age, representing approximately 97% of all those over the age of 70 who live in Cork and Kerry.
Data on each GP's medical experience was obtained from the Medical Council, the statutory, regulatory and registration body for doctors in Ireland. Medical experience was defined as years since GPs qualified with their medical degree and was coded to '<10 years', '10-20 years' and '>20 years' as per previous research (11) .
Data analysis
Mixed-effects multilevel regression models were used to calculate incidence rate ratios (IRRs) with 95% confidence intervals (CI) for the associations between GP and practice characteristics and requesting patterns for serum immunoglobulins. Multilevel analyses were used to take into account the structure of the data: physicians were nested within practices. The model, therefore, consists of 2 levels: the physician level (level 1) and the practice level (level 2). The outcome (test requests) was modelled as a count variable with a conditional Poisson distribution (20) . Calculating variance estimates from random effects Poisson regressions rather than directly from the observed rates is a more statistically rigorous approach, which appropriately adjusts for lack of independence in requesting rates for GP in the same practice. Estimated regression coefficients were expressed as IRRs with 95% confidence intervals (CI).
To analyse the extent to which the final model was sensitive to the impact of not including non-GMS patients in the study a subanalysis was performed by limiting the model to include the 70 years of age or more category only. Data were analysed using Stata v12.
Results
Sample characteristics
In total, 481 primary care physicians requested 5990 serum immunoglobulins during 2013. This represents 96.6% of all GPs registered in the GMS scheme in the Cork-Kerry region in 2013. The remaining GPs may not have requested any immunoglobulins or were not active at the time. Table 1 provides the GP requesting patterns by physician and practice characteristics (both crude and adjusted for their standardised patient list sizes).
Overview of GP requesting patterns
The crude mean count of test requests per GP for 2013 was 12.5 (SD: 25.5; range 1 to 377). The mean number of test orders was 43.9 per 1000 public patients. Allowing for GP public list size had the greatest impact on requesting patterns by gender of the GP. Crude count data indicate female GPs requested fewer immunoglobulin tests (mean: 12.1) compared to male GPs (mean: 13.0). However, when we adjust for GP public patient list size and demographics, female GP test ordering rates are higher than males (60.9/1000 patients versus 35.5/1000 patients, respectively). Similarly, crude count data alone indicate the GPs with less than 10 years' experience (mean: 7.6) order fewer tests than those with 10-20 years (mean: 9.1) or those with more than 20 years' experience (mean: 15.6). GPs with less than 10 years' experience had fewer patients, and when GMS list sizes and demographics were adjusted for, they had higher test ordering rates (49.5/1000 patients).
Requesting patterns by patient age and gender
In total, 30% (n = 1809) of immunoglobulin tests were requested for patients in the 70 years or more age category, 25% (n = 1490) for patients in the 60-70 years age category, 23% (n = 1377) for 45-60 years age category, 16% (n = 929) for 30-45 years age category and 6% (n = 385) for the under 30 years age category. 61% (n = 3675) of test requests were for female patients.
Association between GP/practice characteristics and immunoglobulin test ordering Table 2 provides the results of the mixed-effects multilevel Poisson regression analysis. In model 1 (adjusted for GP gender and medical experience), all of the physician factors were associated with immunoglobulin requesting rates. Model 2 (adjusted for the physician factors plus practice location and practice type) also found all of the physician factors to be associated with GP requesting rates for immunoglobulins. In particular, GP gender and medical experience were positively associated with immunoglobulin test ordering rates. Female GP requesting rates were 81% greater than male GPs (IRR: 1.81; 95% CI: 1.45-2.26, P < 0.001). GPs with less than 10 years medical experience were also more likely to request immunoglobulin tests (IRR: 2.72; 95% CI: 1.47-3.51, P < 0.001). There was a correlation between gender and years of experience, whereby more females were less experienced compared to males. However, there was no significant interaction between gender and years of experience in the final model. There were no statistically significant associations between the practice-level factors (location or practice type) and GP immunoglobulin test ordering rates. Table 3 presents the results of the sensitivity analysis on the 70 years or more age category (fully adjusted model). Results were similar to that of the full model including all patient age groups. The strongest difference was among females, where the strength of the association was greater in the subgroup analysis compared with the full dataset. Based on the fully adjusted model, female GPs requested over twice as many tests compared to males (IRR: 2.37; 95% CI: 1.76-3.18). Experience also remained strongly associated with test ordering among patients over the age of 70. Those with less than 10 years' experience were more than twice as likely to order a test compared to those with more than 20 years' experience (IRR: 2.55; 95% CI: 1.43-4.52).
Sensitivity analysis
Discussion
Summary of main findings
This study evaluated the relationship between certain physician and practice characteristics and the use of serum immunoglobulin tests over 1 year. The strongest predictors of test requests were physicians' gender and medical experience (years since graduating with a medical degree). No associations were found between practice-level factors and immunoglobulin test ordering rates.
At the physician level, female gender was associated with higher serum immunoglobulin test ordering rates. This is consistent with previous studies examining the characteristics of GPs and test ordering behaviour (10, 21) . Further, research has found that female GPs also have a higher level of referrals to secondary care compared to male GPs (22) . With the proportion of female physicians rising in most European countries (23) , is important to investigate why females may be ordering more tests referring more patients than their male counterparts. Previous research suggests that higher test ordering rates of female GPs may relate to differences in practice styles (24) and patient demographics (25) . For example, 61% of test orders were for female patients, and evidence suggests that women prefer to be seen by female GPs (25) . In Ireland, a recent national survey also reported that female GPs see fewer patients on average per session than males (26) . The same report found less female GPs practice full time, compared to males (70% versus 100% in the under 40 age group) and also retire at a younger age (26) . It is possible that the experience of part-time GPs with certain low volume tests falls below a critical threshold, which leads them to increased ordering. GPs with less than 10 years' experience were also significantly higher requesters in this study. Previous research also found a statistically significant inverse association between years of experience and test ordering (11) . While this study found more females were less experienced, this did not explain the relationship between experience and test ordering in this sample. In a previous qualitative study with GPs from this sample, it was suggested that younger GPs may be more likely to request serum immunoglobulins (13) . Potential reasons for this include a lack of confidence in their clinical judgement at this stage of their career, recent clinical experience in a hospital setting with unrestricted readily available laboratory access and a fear of missing serious cancers such as myeloma (13) . The fear of missing a diagnosis or the impact of test ordering on patient care may also play an important role in test ordering behaviour. Unfortunately, this is more difficult to study and outside the scope of this paper. However, using data from this paper, along with a previous qualitative paper and findings of an audit on the clinical impact of IG testing in this sample of GPs, we have implemented a lab-based guideline and education based strategy which has shown to be effective at reducing test ordering 1 year after implementation. Once enough time passes, we aim to reassess the clinical impact of the intervention through further audit.
This study found no significant association between practice location (urban/rural), practice type (single handed, 2-4, or 4 or more GPs) and GP test ordering patterns. This is in contrast with previous research reporting 18% fewer tests among GPs in group practices compared to those in single handed or two-person practices (12) . Working in an urban practice rather than a rural practice has also previously been linked to higher test ordering patterns (10) . It is possible that the practice level effects seen in previous studies were driven by physician level effects such as the gender and experience of GPs: these effects have been accounted for in our study. For example, it is possible that the higher test ordering rates by urban practices was driven by the tendency for younger or less experienced GPs to work in these settings (26) .
Strengths and limitations
Unique strengths of this study are the inclusion of all GP requests for immunoglobulin tests in 2 large adjacent regions with a population in excess of 650 000, the use of patient list size and composition to allow for the fair comparison of different GPs and the use of multilevel modelling to separate GP and practice effects. An important limitation of our study is the use of HSE-PCRS data to characterise GP list size and composition. This data excludes private patients for which no accurate data is available in Ireland. According to 2014 figures, 58% of the Irish population were private patients and 42% were on the GMS scheme (free GP care) (19) . However, a sensitivity analysis, which included only patients over the age of 70, 97% of whom are covered by the GMS scheme, found the same physician factors to be associated with immunoglobulin test ordering rates. A further limitation is our exclusion of other predictor variables which may influence test requesting patterns such as the presence of an electronic ordering system in the practice (27) . Finally, a limitation of using routine medical record data is the possibility that unknown or unmeasured confounding may have affected our results.
Conclusions
Our research suggests that further qualitative research is required to explore why female GPs and less experienced GPs order greater volumes of serum immunoglobulins. In addition, potential strategies identified in our previous systematic review (28) targeting test use in primary care should consider the differences in test ordering patterns amongst these 2 groups. It must be emphasised that our study was not designed to detect inappropriate test ordering. It is possible that female GPs and those with less medical experience are behaving with an appropriate level of caution. The consequences of finding (or missing) pathology are very significant for the doctor and patient. Further study of the clinical utility of serum immunoglobulin test orders is required and currently ongoing in our study region.
